L-DNase II is derived from its precursor leucocyte elastase inhibitor (LEI) by post-translational modification. In vitro, the conversion of LEI into L-DNase II can be induced by incubation of LEI at an acidic pH. In this study, we proposed to analyze the effects of intracellular acidification on this transformation. Amiloride derivatives, like hexamethylene amiloride (HMA), are known to provoke a decrease of cytosolic pH by inhibiting the Na + /H + antiport. In BHK cells, treatment with HMA-induced apoptosis accompanied by an increase in L-DNase II immunoreactivity and L-DNase II enzymatic activity. Overexpression of L-DNase II precursor led to a significant increase of apoptosis in these cells supporting the involvement of L-DNase II in HMA induced apoptosis. As previously shown in other cells, etoposideinduced apoptosis did not activate L-DNase. On the contrary, LEI overexpression significantly increased cell survival in etoposide-induced apoptosis. Together these results suggest differential roles of LEI and L-DNase II in response to different types of apoptotic inducers.
Introduction
Apoptosis is a form of cell death implicated in many processes such as embryogenesis, normal tissue turnover and tumor regression. It is characterized by several morphological changes including membrane blebbing, cell shrinkage, phosphatidylserine externalization and chromatin condensation. 1 The ultimate hallmark is the digestion of genomic DNA into oligonucleosomal fragments. Many studies have been performed to identify the endonucleases responsible for this process. A number of cation-dependent endonucleases acting at neutral pH have been characterized such as Nuc 18/cyclophylin A, 2 DNase I, 3 DNase g 4 and the 97 kDa DNase. 5 The best characterized DNase in apoptosis is CAD, a DNase activated by caspases. 6 DNase II, cationindependent endonucleases that are active at low pH, were also incriminated. It has been shown that the decrease of intracellular pH can activate DNase II. 7 This activity has been isolated from diverse tissues and cell lines during apoptosis. 8 Our group studies the leucocyte elastase inhibitor (LEI)/LDNase II pathway that results in the activation of L-DNase II (LEI-derived DNase II). The activation of this DNase II (acid, cation-independent DNase) was first discovered in the lens during lens cell differentiation, 9 which is an apoptosis-related cellular differentiation. 10 The activation of this enzyme has also been seen in other physiological models such as neural apoptosis during retina development 11 or in cell culture. 12, 13 We have also shown that caspases do not participate in L-DNase II activation. 14 Hence, the LEI/L-DNase II pathway is classified among the caspase-independent pathways. 15 L-DNase II derives from its precursor LEI after a posttranslational modification. 16 The loss of LEI antiprotease activity and the appearance of L-DNase II endonuclease activity are accompanied by a decrease in its apparent molecular weight (LEI: 42 kDa; L-DNase II: 27 kDa).
LEI belongs to the ovalbumine structure subgroup of the serpins (serine protease inhibitor). Most of these serpins can inhibit target proteases and present diversified functions. 17 Some regulate lysosomal proteinases (squamous cell carcinoma antigen), monocyte/granulocyte proteinases (proteinase inhibitor-6: monocyte neutrophil elastase inhibitor), fibrinolysis (plasminogen activator inhibitor 2) and bone marrow differentiation (bomapine). Others are tumor suppressors (maspin) or are implicated in angiogenesis. 18 Several serpins can inhibit apoptosis. The viral serpin Crm A inhibits Fas or TNFa-induced apoptosis. 19 Moreover, overexpression of PAI-2 or PI-9 protects cells from TNFa 20 or granzyme B-induced apoptosis, 21 respectively. This suggests that LEI, as a member of the serpin superfamily, could also have an antiapoptotic activity.
We have previously shown that under certain apoptotic conditions LEI is transformed into L-DNase II. Several authors have demonstrated that the overexpression of a DNase in a cell may induce apoptosis. [22] [23] [24] [25] In particular, DNase II overexpression leads to apoptosis detected as chromatin condensation. 26 It may then be inferred that induction of DNase activity in a cell could induce apoptosis.
The dual functionality of LEI/L-DNase II led us to the hypothesis that LEI may act as a molecular switch between living cells and apoptotic cells. 27 Its dual functions may serve to prevent the proteolytic cascade of apoptosis in living cells while, after the transition to L-DNase II, releasing this proteolytic inhibition and inducing nuclear degradation in apoptotic cells.
A decrease in intracellular pH is a common effect of many apoptotic stimuli such as staurosporine, 28 somastotatin, 29, 30 cytokine deprivation 20, 31 and Fas-induced apoptosis. 32 It has been suggested that intracellular acidification activates DNase II by providing optimal conditions for this enzyme. [33] [34] [35] This could also be the case for L-DNase II. Since the transformation of LEI into L-DNase II can be catalyzed, in vitro, by acidic pH or elastase, 16 we also hypothesized that acidic intracellular pH could cause the shift of LEI into LDNase II during apoptosis. In this study, we induced intracellular acidification with hexamethylene amiloride (HMA), an Na + /H + exchanger inhibitor, to explore this hypothesis.
Results
To better understand the function of the bifunctional molecule LEI/L-DNase II in apoptotic and living cells, it is convenient to modify the expression of this protein in order to evaluate the resulting cellular effects. We decided then to study the effect of LEI overexpression. From the ubiquitous expression pattern of LEI, 36 many cell types could potentially activate the LEI/L-DNase II pathway. Different cell lines were transfected with the expression vector pREP10 carrying the porcine LEI cDNA. Among these different cell lines, BHK cells showed the highest level of expression and the longest survival times (not shown) and were therefore chosen for this study.
Since LEI is transformed, in acidic conditions, in vitro 16 and in some physiological models, 37 we hypothesized that a decrease in intracellular pH (pHi) may contribute to this transformation. Among the different agents able to modify intracellular pH, the amiloride derivatives are very efficient in acidifying the cell by inhibiting the Na + /H + exchanger (NHE gene family). 38 However, since little is known about this proton antiport in BHK cells, it was necessary to confirm NHE expression in these cells.
Na + /H + exchanger expression in BHK cells
The NHE family contains seven members and the isoforms 1-4 are largely expressed in different tissues. 38 To identify the NHE isoforms expressed in BHK cells, total RNA was retrotranscribed and amplified by PCR. Sequence data for hamster NHE are limited since only the hamster NHE1 sequence has been published. 39 Since NHE1-4 were identified in rat kidney, 40 we used specific probes of rat NHE for PCR. The results shown in Figure 1 indicate that NHE1 is a major isoform expressed in BHK cells, a result that is in agreement with its ubiquitous expression. 41 To further evaluate if these transporters are sensitive to HMA, we induced cellular acidification by an NH 4 Cl pulse, 42 and evaluated the rate of pH recovery in the presence and absence of HMA. As seen in Figure 1b , in the presence of HMA the rate of recovery was inhibited by HMA, indicating that this amiloride derivative is able to inhibit the activity of NHE in these cells. Moreover, if the intracellular pH in control cells was near neutrality (7.07 pH units) in the presence of HMA the intracellular pH decreased to 6.67, as measured by flow cytometry using the pH probe SNARF-1.
Induction of apoptosis in BHK cells by HMA
The intracellular acidification induced by blockage of the NHE exchanger by amiloride or its derivatives has been shown to induce apoptosis in many cells lines. 43, 44 To confirm such induction in BHK cells, we exposed these cells to 40 mM HMA for different periods of time 45 and estimated, 24 h after the start of treatment, the cell survival ratio by using a metabolic index provided by the MTT test. In these conditions, the survival rate significantly decreased with increases in exposure time and reached a mean of 6.872% at 24 h of HMA treatment (Figure 2a ). The NHE sensitivity to HMA was evaluated by measuring the effect of HMA on the capacity of NHE to re-establish intracellular pH after acidification induced by an NH 4 Cl pulse. In the absence of HMA, the recovery rate was 4.7 Â 10 À4 upH/s. In the presence of 40 mM HMA this recovery rate was decreased to 2.0 Â 10 À4 upH/s
Since the MTT test indicates cell survival and not apoptotic cell death, we investigated the type of HMA-induced cell death. In agreement with the cell survival rate presented in Figure 2a , most treated cells displayed membrane blebbing and apoptotic body formation (Figure 2b ) after 24 h. In addition, DNA degradation pattern on agarose gel showed an internucleosomal ladder (Figure 2c ). These results are in agreement with an apoptotic cell death induced by HMA. However, the induction of apoptosis by HMA did not induce caspase 3 activation (Figure 2d ). Western blot analysis using a polyclonal anticaspase 3 shows no cleavage of procaspase 3.
We then sought to investigate whether L-DNase II could be involved in HMA-induced apoptosis. Immunofluorescent studies using an anti-L-DNase II antibody showed an increased labeling in treated cells (Figure 3a ). In the apoptotic cells, the L-DNase II labeling could be mainly localized in the nucleus, suggesting the activation of this pathway. We took advantage of the apparent molecular weight difference between LEI (42 kDa) and L-DNase II (27 kDa) to verify endonuclease activation by Western blot (Figure 3b) . Moreover, as cells seem to commit very early to apoptosis ( Figure  2a ), we studied LEI conversion after different exposure times to HMA with an anti-LEI antibody (Figure 3b ). One can observe the progressive apparition of L-DNase II between 8 and 24 h. We measured the total DNase II-like activity after 8 h of HMA treatment. Total cell extracts were incubated with a plasmid whose degradation was followed at different times in optimal enzymatic conditions for DNase II (acidic pH cationfree). HMA-treated cells showed an enhanced activity compared to untreated cells (Figure 4 ). Plasmid degradation was suppressed with a polyclonal L-DNase II antibody ( Figure  4 ), which was found to inhibit recombinant L-DNase II activity (not shown). In conclusion, the majority of DNase II activity that is increased after HMA treatment can be attributed to LDNase II.
Taken together these results suggest that HMA treatment induces apoptosis and may recruit the L-DNase II pathway. Similar results were obtained in COS-7 and CHO cell lines when apoptosis was induced by HMA in the same conditions (not shown), indicating that the activation of this pathway instead of caspases might not be cell-type dependent. The L-DNase II pathway is activated during HMAinduced apoptosis in BHK cells
In order to prove the involvement of LEI/L-DNase II in HMAinduced apoptosis, we overexpressed LEI in BHK cells by transfection using a pREP10 vector containing porcine LEI cDNA. Transiently transfected cells expressed a high level of LEI, but in these conditions few cells survived after HMA treatment (not shown). We therefore selected stable transfected cells using hygromycin B, a lethal antibiotic to BHK wild-type cells. Two types of clones were established, the LEI clones ('L clones') and the control clones ('C clones') transfected with the empty pREP10. Overexpression of LEI was verified by RT-PCR ( Figure 5a , upper panel), since the difference of expression was not clearly seen on Western blots (not shown). LEI band quantification in comparison with the GAPDH band showed a similar expression rate between LEI and GAPDH. The absence of LEI signal in control cells is because of the use of specific probes for porcine LEI. When L and C clones were exposed to HMA, a significant increase in cell death is seen in most of LEI-overexpressing clones ( Figure 5a , lower panel). Western blot showed a more sustained presence of L-DNase II (27 kDa) in these cells (Figure 5b) . Moreover, the cleavage of LEI into its intermediary form of 35 kDa 16 at 8 h, which has not been observed in wild-type cells, supported a higher L-DNase II activation in the LEI-overexpressing clones. These results indicate that LEI overexpression in BHK cells decreases their survival rate, supporting the hypothesis that this pathway is implicated in HMA-induced apoptosis. However, one cannot exclude the possibility that overexpression of LEI may lead to a hypersensitivity of the cells to any apoptotic inducer. To investigate this point, we triggered apoptosis in BHK cells using etoposide, which involves the caspase pathway. 20, 14, 46 Etoposide induces L-DNase II-independent apoptosis in BHK cells
Anderson and Roberge 47 showed that exposure of BHK cells to etoposide, an inhibitor of topoisomerase II, impairs mitosis in these cells. However, no study was done on the induction of cell death by this agent in these cells. The exposure of BHK cells to 100 mM etoposide for 3 h, followed by a recovery period of 24 h, induced cell death in about 20% of the cells (not shown). Cells displayed condensed chromatin and internucleosomal degradation of DNA (Figure 6a ) in accordance with an apoptotic cell death. In contrast to the cell death induced by HMA, immunocytochemistry using an anti-L-DNase II antibody did not reveal any difference between control and etoposide-treated cells (Figure 6b ). Moreover, Western blot confirmed that LEI was not transformed into L-DNase II (Figure 6c ). These results suggest that this pathway is not activated by etoposide. The results on cell survival obtained by inducing apoptosis in LEI overexpressing cells with either HMA or etoposide indicate that LEI overexpression may either favor or impair apoptosis depending on the apoptotic inducer.
Discussion
L-DNase II is an endonuclease involved in internucleosomal degradation of nuclear DNA during apoptosis.
9,11-13 Its precursor LEI belongs to the serpin superfamily and can be classified among the ovalbumin serpins. 48 Like most serpins, LEI has antiprotease activity. In its native form it inhibits elastase, cathepsin G 49 and probably other proteases. After post-translational modification, LEI loses its inhibitory activity and acquires endonuclease activity. 16 We hypothesized that LEI/L-DNase II may play a critical role in cell survival, acting as a molecular switch that when activated can lead to apoptosis. 27 Normally, LEI may inhibit proteolytic activity. When converted into L-DNase II, however, LEI could release this proteolytic inhibition and instead promote nuclear degradation in apoptotic cells. The switch between LEI and L-DNase II may be catalyzed during apoptosis by elastase 12 or by acidic proteases. 37 These later enzymes may be activated by a decrease in pHi. Since pHi decrease is frequently observed during apoptosis, 20, [28] [29] [30] [31] [32] we hypothesized that pHi decrease may be a causative factor in the transition from LEI to LDNase II.
Eucaryotic cells use a range of membrane transport mechanisms to regulate pHi. The electroneutral Na + /H + antiport, which exchanges intracellular H + with extracellular Na + , is presumed to be present in all eucaryotic cells. Here we confirmed by RT-PCR that BHK cells express the NHE1 isoform of the Na + /H + antiport and that NHE activity is sensitive to HMA. This finding is not surprising since NHE1 is considered to be the housekeeping isoform responsible for the maintenance of cytosolic pH and cellular volume. 38 The isoforms 2 and 3 were also detected and were already described in the kidney. 50 These results are supported by a previous report of NHE activity in BHK cells. 51 Amiloride derivatives inhibit NHE and can induce intracellular acidification. 38 In BHK cells, NHE antiport is also sensitive to amiloride, as shown by acidification experiments. We therefore treated BHK cells with HMA to decrease intracellular pH. In the presence of HMA, most cells undergo apoptosis as shown by apoptotic-like DNA degradation and morphological changes. These results are in accordance with data from other groups showing apoptotic induction by HMA and other amiloride derivatives 43, 44 and intracellular acidification during apoptosis. [33] [34] [35] Moreover, the obtained acidification with HMA is in agreement with that obtained by other groups using the same H + antiport inhibitor.
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HMA's proapoptotic effect was quite rapid. After only 1 h of treatment with HMA, more than 50% of cells were found to be apoptotic and 76% after 4 h of treatment (apoptosis was always measured 24 h after the beginning of treatment). This suggests that HMA acts very fast and that most of the cells cannot be saved from apoptosis after a short exposure to HMA. In addition, we showed that the L-DNase II pathway is recruited early during the HMA-induced apoptosis course. Involvement of the LEI/L-DNase II pathway in HMA-induced apoptosis was confirmed by overexpression experiments. Classically, the function of a protein is better studied by deletion (anti-sense, RNAi, knockout). However, as this protein has two distinct activities, the L-DNase II deletion implicates also the LEI deletion and therefore the addition of two distinct effects. If LEI, the L-DNase II precursor, is overexpressed, cell death is amplified two-to three-fold in BHK cells in the presence of HMA. However, it was important to check whether this amplification might be a nonspecific effect of LEI overexpression. We therefore also performed LEI overexpression experiments in the context of etoposideinduced apoptosis, since etoposide-induced apoptosis is not associated with LEI-to-L-DNase II transformation. 14 In these experiments, stable LEI overexpression has no significant effect on BHK cell survival. However, transient LEI overexpression (high level of LEI) protects cells from etoposideinduced cell death. This result may indicate that in its native form LEI can present some antiapoptotic properties. Apoptosis-modulating functions have been reported for other serpins, 19, 21, 53 although their effects are mixed. For instance, PI-9 inhibits apoptosis induced by granzyme B but not apoptosis induced by Fas ligand 21 and maspin overexpression increases apoptosis. 54 It is widely known that etoposide induces apoptosis by activating the caspases pathway. 20, 14, 46 Since diverse residues are implicated in target specificity of serpins 55 and although caspases do not possess known LEIreactive sequences, some of these proteases may be found to be targets of LEI upon further understanding of LEI target specificity.
We have previously shown that L-DNase II is activated by several apoptotic inducers. Ethanol, 13 staurosporine 12 and long-term culture 14 can transform LEI into L-DNase II in cellular models. Interestingly, most of these agents can also induce intracellular acidification. 28, 30 In the present study, we showed that decreasing pHi through inhibition of NHE causes the conversion of LEI into L-DNase II. The finding of the pHi dependence of L-DNase II activation will contribute to a better understanding of L-DNase II activation in these models. Furthermore, a number of studies have shown that etoposide induces an intracellular acidification 20, 56, 57 and only little data proved the contrary. 58 Since etoposide does not activate LDNase II in BHK cells, this suggests that decrease of pHi favors the transformation of LEI into L-DNase II but that specific factors may also participate. All the results presented in this manuscript and in previous studies about the dual activities of LEI/L-DNase II are summarized in Figure 8 .
The LEI/L-DNase II pathway provides a novel example of important roles for protein cleavage signaling during apoptosis. Many cleavage targets are known: the inhibitor of caspase-activated DNase (ICAD), lamins, cytoskeletal proteins, PARP-1, p21-activated kinase-2, Rho-activated serine/ threonine kinase. 15 The survival functions of all of these proteins are suppressed upon their cleavage. Other proteins acquire an anti-or a proapoptotic role after processing. Proteolysis of presenilin-2, which is involved in Alzheimer's disease-associated cell death, liberates an antiapoptotic polypeptide and generates a negative feedback loop. 59 Caspases are produced as zymogen and acquire apoptotic activity after proteolytic modification. 60 In addition, several members of the Bcl-2 family acquire proapoptotic roles upon processing. Truncated BID transduces apoptotics signals by translocation to mitochondria. 61 The same holds true for BAD and Bcl-x(L),which become potent proapoptotic agents after cleavage and translocation to the mitochondria membrane. 62, 63 Diverse proteins that present dual-function regulation of apoptosis are emerging. The procaspase 2 is subjected to alternative splicing, generating a short isoform able to inhibit etoposide-mediated apoptosis, while the long isoform participates in Fas-mediated apoptosis. 64 Depending on its protein partners, Bruton's tyrosine kinase promotes radiationinduced apoptosis, but inhibits Fas-activated apoptosis. 65 The 15 kDa phosphoprotein enriched in astrocytes (PEA-15) presents a bifunctional regulation similar to LEI/L-DNase II. Normally, it favors TNF-induced apoptosis while in its phosphorylated state it is a necessary factor in the inhibition of Fas-mediated apoptosis. 66 Here, we showed that the dual protein LEI/L-DNase II presents differential apoptosis-modulation effects in response to different inducers. As the PEA-15, this duality is permitted by a post-translational modification.
In conclusion, our study suggests that the LEI/L-DNase II pathway can participate in switching cells from survival to apoptosis. We show that LEI is a proapoptotic factor in response to Na + /H + exchanger inhibition because of its conversion into L-DNase II. This proapoptotic function is easily understandable. In some cases, LEI can present some antiapoptotic properties. Further investigation into the mechanisms of the antiapoptotic function of LEI are underway in our laboratory.
Materials and Methods

Materials
Etoposide was obtained from Alexis Corporation; low melting agarose, 4 0 ,6-diamidino-2-phenylindole (DAPI), HMA, tetrazolium 3-(4,5-dimethylthiazol-2-yl)-2,5 phenyltetrazolium bromide (MTT) and RNase A were purchased from Sigma; proteinase K and DNA molecular weight marker (1 kb) were from Life Technology. Prestained molecular weight markers for electrophoresis were from BioRad. Immobilon P was obtained from Millipore. TRITC-conjugated and peroxidase-conjugated goat antirabbit IgG were from Biosys. Polyclonal anticaspase 3 was from Santa Cruz Biotechnology. Polyclonal antibodies against L-DNase II and LEI were prepared in our laboratory. 9 Anti-L-DNase II antibody was prepared using commercial DNase II from Worthington (reference 58P2465Y), which is identical to L-DNase II (as determined by protein sequencing). 16 Anti-LEI antibody was prepared by using a synthetic peptide from region 181 to 196 from LEI. Oligos for PCR were synthesized by MWG. The expression vector pREP10 was from Invitrogen. Bafilomycin A1 and tetramethylammonium clhoride (TMACl) were from Sigma, and nigericin and carboxyl-seminaphthorhodafluor-1 acetoxymethylester (SNARF-1) from Molecular Probes.
Cell culture and treatment
BHK cells were grown as monolayers in Dulbecco's modified Eagle's medium (D-MEM, Life Technology) supplemented with 10% fetal calf serum (FCS), 4 mM glutamine, 200 U/ml penicillin and 0.2 mg/ml streptomycin and 5 mg/ml fungizone (all from Life Technology). Cells were grown at 371C in a humidified atmosphere containing 5% CO 2 .
BHK cells were seeded at a density of 20 000 cells/cm 2 , maintained in culture for 2 days and then treated for 24 h with 40 mM HMA. For etoposide treatment, the cells were incubated for 3 h with 100 mM etoposide. Thereafter, the drug was removed and cells were maintained in culture with fresh medium for 24 h.
RT-PCR
Total RNA from 5 Â 10 5 BHK cells was purified using the Absolutely RNA RT-PCR Miniprep kit (Stratagene) according to the manufacturer's instructions. Total RNA extracted from rat kidney used as control was kindly provided by Dr. J Poggioli. A total of 2.5 mg of RNA was retrotranscribed from a poly(dT) primer by reverse transcriptase from Moloney murine leukemia virus (Life Technology) and then amplified by PCR using rat NHE-specific primers. PCR products were loaded on 1% agarose gel and visualized by staining with ethidium bromide.
Flow cytometry
For pH measurements, cells were loaded for 30 min with 5 mM carboxyl-SNARF-1 AM in a loading solution (110 mM NaCl, 30 mM TMACl, 3 mM KCl, 0.2 mM KH 2 PO 4 , 0.8 mM K 2 HPO 4 , 1 mM CaCl 2 , 1 mM MgSO 4 , 10 mM HEPES pH 7.4) and analyzed on a flow cytometer (EPICS Altra, Beckman-Coulter) with excitation at 488 nm and emission measured at 575 and 640 nm. Quantification of the number of cells in various populations was obtained by drawing regions on the profiles and excluding cells with fluorescence o50 to avoid cells that either do not load with dye or that have lost membrane integrity. The pH measurements were obtained by rationing the fluorescence emissions (575/640) at the two appropriate wavelengths and generating a pH calibration curve. 44, 67 Calibration of the signal was achieved by incubating SNARF-1-loaded BHK cells for 20 min at 371C in the presence of 10 mM nigericin in high potassium buffer at pH 6.0, 6.5, 7.0, 7.5 and 8.0. 68 To measure the activity of the Na + -H + exchanger, pHi was reduced using the NH 4 + pulse technique. 42 Cells suspended were exposed 30 min to 40 mM NH 4 Figure 8 Model of LEI/L-DNase II dual function in apoptosis. In living cells, LEI is the major form and L-DNase II is in a basal level of activity. Since LEI inhibits elastase and cathepsin G in vitro, it may act as an inhibitor of diverse proteases promoting cell survival. When the cell is subjected to an apoptotic stress that induces pHi decrease, the conversion of LEI into L-DNase II is favored. This may liberate proteases from inhibition and promote endonuclease activation
Analysis of DNA fragmentation
Genomic DNA was analyzed using the Zhu and Wang 69 method. Cells were detached from the culture flask using a PBS-EDTA solution (19 mM Na 2 HPO 4 , 1 mM KH 2 PO 4 , 140 mM NaCl, 15 mM KCl, 5 mM EDTA pH 7.5). Cells (2 Â 10 6 ) were disrupted with 120 ml of the lysis buffer (50 mM Tris, EDTA 10 mM, sarkosyl 2%, pH 7.4). Samples were then incubated with 1 ml of 20 mg/ml Proteinase K for 2 h at 451C, and then 1 h at 371C with 8 ml of 1 mg/ml RNase A DNase free. From this mixture, 10 ml was then loaded with 2 ml of sample buffer (30% glycerol, 0.25% xylene blue, 0.25% bromophenol blue) onto a 1% agarose gel. Agarose horizontal slab gels were made up in 40 mM Tris-acetic acid, pH 7.8, 20 mM NaCl and 2 mM EDTA in the presence of ethidium bromide. The samples were loaded and run at 100 V until bromophenol blue reached 5 cm. Gels were then analyzed on a UV transilluminator (302 nm, Gel Doc) and photographed using a numeric camera.
Immunocytochemistry
Cells were fixed in 4% paraformaldehyde for 15 min, washed in PBS and permeabilized with 0.3% Triton X-100 in PBS for 30 min. After washing with PBS, cells were saturated for 30 min at room temperature with PBS containing 1% skim milk and then incubated for 1 h at room temperature with an anti-L-DNase II (1/100) in PBS-0.1% milk. This incubation was followed by five washes for 5 min in PBS-0.1% milk. The antibody was localized using a TRITC goat anti-rabbit IgG (1/500 dilution) in PBS-0.1% milk (1 h, room temperature). Cells were then washed five times for 5 min in PBS. During the last wash in PBS, nuclei were revealed with the fluorescent nuclear stain DAPI and then mounted with 50% glycerol in PBS. Results were evaluated under a Leitz Aristoplan microscope equipped with an epi-illuminator HBO and filters for rhodamine and DAPI fluorescence. They were photographed using a Spot II numeric camera.
Immunoblotting detection of L-DNase II
Protein samples for electrophoresis were prepared by mixing with Laemmli buffer. Gel electrophoresis was conducted at a constant current of 20 mA using 12% polyacrylamide slab gels. Transfer of proteins to Immobilon P membranes was carried out electrophoretically. 70 A constant voltage of 40 V was applied for 16 h. Immediately after blotting, the membranes were soaked for 2 h at 371C in PBS containing 5% fat-free dried milk. Thereafter, the blot was incubated for 1 h at room temperature with an anti-L-DNase II diluted (1/1000) in PBS containing 0.1% Tween (PBSTween buffer). The binding of the antibodies was visualized after two washings (10 min each) with PBS-Tween buffer, followed by 1 h incubation with peroxidase-conjugated goat anti-rabbit IgG (1 mg/ml) in PBS-Tween buffer. The sheets were then rinsed successively with PBSTween buffer (3 Â 5 min) and finally with PBS (2 Â 5 min). Peroxidase activity was detected using the ECL + method (Amersham). No signal was detected with rabbit preimmune serum.
L-DNase activity assay
BHK cells were treated with 40 mM HMA for 8 h. Then 3 Â 10 7 cells were homogenized in ice, using a Potter homogenizer, in 1 ml of 10 mM TrisHCl pH 7.4 containing 1 M NaCl, 1 mM PMSF, 5 mM phenanthrolin, 1 mg/ ml leupeptin and 0.2 mg/ml aprotinin. Extracts were then disrupted with a sonicator for 1 s three times. The homogenate was centrifuged (10 000 Â g, 41C) for 30 min. The supernatant was dialyzed overnight at 41C against 10 mM Tris-HCl pH 7.4, 1 mM EDTA in the presence of 0.1 mM PMSF, 0.5 mM phenanthrolin, 0.1 mg/ml leupeptin and 20 ng/ml aprotinin. Protein concentration was evaluated with the BCA method (Pierce) using bovine serum albumin (BSA) as standard.
Total DNase II activity was measured by incubating 1 mg of cell extract at 371C in a final volume of 60 ml of 10 mM Tris and 10 mM EDTA (pH 5.5) containing 2 mg of plasmid DNA. Aliquots (10 ml) were frozen at different incubation times and then loaded on a 1% agarose gel. L-DNase II activity was inhibited by a preincubation with a polyclonal anti-L-DNase II or rabbit nonimmune serum (1/10 of final volume) in the absence of plasmid for 1 h at 371C. The reaction was then started by the addition of the plasmid.
Transient overexpression of LEI
To perform overexpression experiments, the porcine LEI cDNA was subcloned from pGEM 16 into the Xho/NcoI restriction sites of pREP10 (Invitrogen). E. coli DH5a strand was transformed by electroporation and plasmid DNA was prepared using the Qiafilter Plasmid Maxi kit.
BHK cells were seeded at a density of 20 000 cells/cm 2 and cultured as described for 48 h. At 2 h before transfection, the culture medium was replaced by fresh medium. The transfection medium containing 10 mg of pREP-LEI and 60 ml of Lipofectin reagent (Life Technologies, Inc.) in 0.5 ml of serum-free DMEM was incubated 20 min at room temperature, then diluted with DMEM to a final volume of 2.5 ml and added to BHK cells. The transfection process occurred at 371C for 4 h, then 2.5 ml of DMEM containing 20% FCS serum was added to the cells. Control cells were prepared by using the pREP10 empty plasmid.
Stable overexpression of LEI
BHK cell sensitivity to hygromycin B was first tested by exposing the cells to 50-1000 mg/ml hygromycin B. A concentration of 500 mg/ml was finally chosen to select transfected cells. The cells obtained after transfection and a week survival in hygromycin B were then seeded into a 96-well culture plate at a clonal density. In total, 24 clones overexpressing LEI were obtained and named L6-1 to 24. Six control clones, containing the empty vector, were also obtained.
MTT reduction assay
BHK cells were seeded and treated, as described above, in a 24-well plate. The MTT was diluted in PBS at a concentration of 1 mg/ml. At the end of cell treatment, culture medium was removed and 250 ml was added to each well. The plate was kept in a CO 2 incubator for 1 h. The cells were then lysed by the addition of a lysis solution (50% dimethylformamide, 20% SDS, pH 4.7). The degree of MTT reduction in each sample was subsequently assessed by measuring absorption at 570 nm using a microplate reader (BioRad). 21, 34 The survival rate was expressed as the percentage of the untreated cells.
Statistics
Results are presented as means7S.E.M. Unless otherwise stated, statistical significance was assessed by Student's t-test.
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